Slope, and throughout the "lower 48 states." His current activities at Texas A&M cover a wide spectrum from K-12 outreach and recruiting to undergraduate curriculum design to retention, monitoring, and post-graduation engagement.
Introduction
The civil engineering department at Texas A&M University (approximately 1000 undergraduate students and 60 faculty) decided to undertake a curriculum transformation project based on concerns of conceptual gaps and redundancies in the degree program and the significant time that had elapsed since the last comprehensive curriculum restructuring. This curriculum redesign was noteworthy because it was among the first to incorporate the outcomes from ASCE's Civil Engineering Body of Knowledge for the 21 st Century: Preparing the Civil Engineer for the Future, 2 nd Edition (BOK2) 1 . Other efforts to incorporate the BOK2 holistically into curricula have been documented at the Universities of Alabama, Arkansas, and Texas-Tyler 2 and Lawrence Technological University 3 , with BOK2-driven curriculum analysis and change proposals discussed at Rose Hulman Institute of Technology 4 , Montana State University 5 , University of Louisiana 6 , Northern Arizona University 7 , and North Carolina State University 8 .
The curriculum transformation process has many goals, three of which will be explained in this paper: 1. Redesign the civil engineering curriculum of a large research university using the ASCE BOK2 as a basis. Page 26.1599.3
2. Develop program learning outcome rubrics for each BOK outcome using pedagogical resources (ABET webinar, AAC&U rubrics, etc.) and a rigorous editing process. 3. Create a curriculum map based on program learning outcome rubrics and survey data.
Use program learning outcome rubrics and curriculum map to design or revise individual courses.
This paper discusses the motivation behind using the ASCE Body of Knowledge 2 outcomes as program learning outcomes, the process used to facilitate the curriculum transformation, and best practices for creating and refining program learning outcome rubrics and a curriculum map. It also presents draft versions of the program learning outcome rubrics and curriculum map.
Curriculum Transformation Process
A curriculum transformation team (CTT), consisting of 13 civil engineering faculty, 3 students, a pedagogical expert, and a graduate assistant, was formed to re-evaluate the civil engineering curriculum and recommend changes that could make the program more relevant to the needs of today's engineers while addressing the gaps and redundancies in the current curriculum. The pedagogical expert was key because she provided a curriculum redesign process for the team to follow that was adapted from existing models 9, 10 and the process is outlined in detail in a separate paper 11 .
The process began with identifying the need for a curriculum redesign and gathering data on the program's strengths and weaknesses 11 . The next step was to identify the attributes that an ideal graduate of the program would have. These ideal attributes were articulated through program learning outcomes and through rubrics that define each program learning outcome in terms of measurable performance indicators. The program learning outcomes and rubrics were used to create a curriculum map that identifies the level at which courses will incorporate each of the program learning outcomes. Courses can be linked to a program learning outcome at the progressive levels of "Introduce," "Reinforce," or "Demonstrate." As a final step, individual courses were designed or revised to incorporate the program learning outcomes at the level identified on the curriculum map. An important component of this final stage is to ensure that students learn the desired outcomes by designing assessment measures that are closely linked to both course and program learning outcomes. 13 . These driving factors focus on the quickly-changing, global engineering landscape, with examples such as the increasing need for lifelong and selfdirected learning, trends towards sustainability, and emphasis on professional skills in addition to technical knowledge.
The BOK and motivation…
The civil engineering department at Texas A&M decided to incorporate the BOK2 outcomes into the undergraduate curriculum because, unlike the program's existing ABET-based outcomes, the BOK2 outcomes are more focused toward civil engineers and are accompanied by Appendices with detailed descriptions of each outcome. When the Body of Knowledge document was first shared with the CTT, there was significant pushback from team members that did not understand the value of reading such a long document and were hesitant to adopt 24 outcomes in place of the 12 existing program outcomes. Several measures were taken to encourage CTT members to accept the BOK2 outcomes, but there were still some members who did not see the benefit of these outcomes until the curriculum mapping phase.
The first measure taken was to refocus efforts from course-level details to the big picture of the curriculum as a whole. This was accomplished by comparing the curriculum redesign process to a civil engineering design process, wherein both are iterative and require background information as inputs to a conceptual design that is then used to guide the final design. In this analogy, reviewing the BOK2 and other sources of data corresponds to the background information stage, program learning outcomes and associated rubrics are the conceptual design, and the curriculum map and individual course design are performed in the final design stage. This analogy was presented graphically in a separate paper 11 , and can be found at https://sites.google.com/site/cttgraphic/.
The second measure taken to encourage civil engineering faculty to consider the BOK2 was mapping the program's existing outcomes, the required ABET outcomes, and the 24 BOK2 outcomes, as shown in Figure 1 . This document helped to illustrate that the BOK2 outcomes were not significantly different from ABET requirements. In most cases, additional BOK2 outcomes were created by splitting long, compounded ABET outcomes into separate pieces. For example, ABET outcome (a), "an ability to apply knowledge of mathematics, science, and engineering", is addressed by four outcomes in the BOK2: (1) Mathematics, (2) Natural Sciences, (5) Material Sciences, and (6) Mechanics. By separating one outcome into four, it is easier to assess each area within "math, science, and engineering" individually; therefore, in many cases, the BOK2 does not add additional requirements, but instead adds detail and specificity. There are, however, a few instances, (13) Other authors have discussed the tension between an increased number of program-level outcomes in the BOK2 and constrained or decreasing numbers of credit hours in baccalaureate engineering degrees 2 , especially if faculty view new outcomes as being "practitioner-driven" from a viewpoint of the B.S. degree of 30 years ago with more available credit hours. In the case of Texas A&M's effort, this tension was managed in two ways. First, surveys were conducted to determine perceptions for each of the 24 BOK2 outcomes of comparative importance and preparedness of new graduates. The surveys were given to separate populations of recent graduates (less than 5 years after graduation) and industry employers (typically 20-30 years after graduation). Survey results from the two populations were very similar across the outcomes, which reinforced to faculty that perceptions were independent of experienced quantity of credit hours. Moreover, negative gaps (i.e., importance greater than preparedness) tended to occur in the "challenging" outcomes such as social sciences, public policy, and attitudes. Second, Texas A&M's civil engineering program is characterized by a high degree of emphasis on preparation for practice with industry seen as partners in education. Multiple courses -from "Introduction to CE" through "Capstone Design" -are explicitly designed to rely on external practitioner participants. The program is by far the largest source of civil engineering graduates in Texas, in some years producing almost half of all graduates despite the presence of 13 other accredited programs in the state. While this second factor may not be easily transferred to another institution, the survey provided an easily reproducible, data-driven way to persuade faculty. 
Program learning outcomes and rubrics
In order to articulate how the BOK2 outcomes would be adapted to the civil engineering program under consideration, CTT members created a one-sentence statement for each program learning, based on descriptions in the BOK2 document ( Figure 2 Next, members of the CTT created one rubric for each of the 24 outcomes, with an exception for (15) Technical Specialization, where one rubric was created for each specialty area in the department. In total, the team created 30 rubrics. The rubrics provide a set of consistent, detailed descriptions of the program learning outcome rubrics in Figure 2 . Each rubric breaks one of the program learning outcomes into 3 to 5 performance indicators and articulates what a student will be able to do at four levels within the curriculum:
• Level 1 is a student that first enters the civil engineering program, which is typically the beginning of sophomore year.
• Level 2 is an intermediate level.
• Level 3 is the minimum level that a student must accomplish to graduate.
• Level 4 is the desired level that a student will accomplish upon graduation.
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The rubric template is shown in Figure 3 , and two example rubrics are presented in Appendix 1. These types of rubrics are useful for making curriculum and course decisions 14 . If presented to students, they will also encourage students to become self-directed learners and allow them to track their progress throughout college.
Since most of the faculty and students on the CTT were unfamiliar with the idea of a rubric, especially when used in this context, several resources were provided for background and guidance. For each outcome, a "Toolkit" was assembled that contained:
• A document containing example verbs to use in rubric descriptions 15 . The verbs were grouped into four "Depth of Knowledge" categories.
• The mapping of BOK outcomes, which have become the department's new program learning outcomes, to ABET outcomes and the department's previous outcomes ( Figure  1 , above).
• An example rubric for outcome 24: Professional and Ethical Responsibility.
• "Appendix I -Body of Knowledge Outcome Rubric" from the BOK2 report to provide context as to how all of the outcomes fit together as a whole.
• A detailed description of the outcome from "Appendix J -Explanations of Outcomes" from the BOK2 report, and as appropriate, Appendices K through O.
• Example rubrics from the department's existing assessment tools and other sources 16, 17, 18 , as appropriate.
• An ABET webinar on "Developing Rubrics" 19 . Those that were creating rubrics were also asked to schedule a 30 minute meeting with the pedagogical consultant and the graduate student on the team to talk through their progress on the rubric. These small meetings were very beneficial because they gave team members a chance to discuss their questions or concerns in a more private setting. It was also effective in reminding busy faculty to take some time out of their schedule to work on creating their rubric.
Curriculum map
The program learning outcomes and rubrics were used, along with the courses in the curriculum, as the basis for a curriculum map. An example of a curriculum map is shown in Figure 4 . It contains program learning outcomes along the side and courses across the top. Each course that addresses one of the program learning outcomes contains either an I, R, or D in the intersecting box. Each program learning outcome is introduced, "I", reinforced, "R", and then demonstrated, "D" in one or more places across the curriculum. A process similar to this is presented elsewhere 20 .
The first draft of the curriculum map was created in a four-hour workshop session, where the Curriculum Transformation Team was broken into three groups, each tasked with identifying the program learning outcomes corresponding to their assigned courses. As with the rubric creation process, detailed instructions were crucial to the success of this meeting. Each group was provided with a binder that contained instructions, the program learning outcome rubrics, data and summaries of the data, course syllabi, and many other relevant resources. An excerpt from the curriculum map is presented in Appendix 2.
Refinement
After the program learning outcomes, program learning outcome rubrics, and curriculum map were created, a very important next step was to edit and refine each piece. This was done first within the CTT by sending each document out to the team members and discussing areas of concern in one of the bi-weekly CTT meetings. Then each piece was shared with all of the faculty through online surveys or short presentations. The refinement process is ongoing and will continue as changes to the curriculum are implemented. For the rubrics, an additional sub-committee within the CTT was assigned to review the rubrics in further detail and complete missing pieces. It took CTT members several months to really understand the purpose of the rubrics. They started to see potential applications after they had seen the full rubric packet. In addition to these formal review processes, items have been added and rearranged as the rubrics have been used to create the curriculum map and design courses.
Other than faculty surveys, another key source of data that has guided revisions to the rubrics and curriculum map is a survey format that contains each of the program learning outcomes with likert-scale questions to assess how well a recent graduate is able to perform the outcome and how often a recent graduate is required to perform the outcome. This survey was sent to recent graduates, employers, and faculty at graduate schools. The "gaps", or outcomes where the importance rating exceeded the preparedness rating, were identified, and special attention was given to those outcomes to make sure they were incorporated into the curriculum map well enough. From the recent graduates survey, the outcomes that resulted in gaps were (9) Changes were made to the curriculum to incorporate these outcomes more comprehensively. For instance, reflection prompts were created for each of the program learning outcomes to encourage faculty to incorporate reflection into their courses. The reflection exercises are designed to improve lifelong and self-directed learning skills by asking the students to articulate what they know, describe how they know what they know, and explain how the information could be applied in the future. Asking the students to reflect will help them to think more intently about what they have learned and create more meaning for themselves. A significant role in learning is that the students create their own meaning 21 which leads to better retention of the material.
Issues Facing Large Programs
As stated in the introduction, this curriculum transformation process is occurring in a large civil engineering program of almost 1000 students and over 55 faculty. Accordingly, the process has encountered various challenges and opportunities that are illustrative for other programs of similar size.
The breadth of faculty expertise in this department allows it to offer 8 different "technical elective plans," which represent specialization tracks at the junior and senior levels of courses. Consequently, the major tasks of rubric development and curriculum mapping required an orderPage 26.1599.12
of-magnitude increase in work to deal with all possible routes that students may take through the B.S. curriculum. However, this often yielded useful insights among CTT members as they discussed teaching and learning philosophies in the various areas of specialization.
The large number of faculty present often results in a single course being taught by a large group of different faculty in multiple sections in the same semester and/or in different semesters. As courses are re-aligned to the new curriculum map and program learning outcome rubrics, this reality requires extensive cooperation and communication for successful and consistent revisions. Course coordinators given real authority to write common syllabi and regularly review others' sections are essential.
A large student body can often be difficult for department faculty and administration to communicate with. Thus, it was considered very important to include student representation in the CTT to include student input and to communicate to other students the goals and value of the curriculum transformation effort.
Notable Curriculum Changes
As other programs have found, much -but not all -of the BOK2 can be addressed within an existing curriculum with minor changes. The experience at Texas A&M did not find that radical restructuring was necessary. In many cases, the effort simply yielded focused thought by faculty on how to include outcomes by enhancing assignments and assessment in existing courses. However, the expansive nature of the BOK2 did require some concerted effort to show assessable achievement for all outcomes at multiple levels. A few of these efforts are described below.
Mid-Curriculum Professional Development
The curriculum mapping exercise revealed that the existing curriculum could introduce many of the "challenging" BOK2 outcomes (e.g., social science, contemporary issues and historical perspectives, globalization, attitudes, among others) at the sophomore-level in the "Intro to CE" course and have student demonstration of the outcomes at the senior-level in course on "Professional Practice" and "Capstone Design." However, this left a gap in the mid-curriculum where reinforcement should occur. Congruent with this gap was a desire to build high-impact learning practices and reflection on learning into the curriculum. In the midst of the re-design process, the university created "zero credit hour courses" as an instrument for tracking highimpact practices. Thus, a zero credit hour course "Mid-Curriculum Professional Development" is being created that will require completion of a high-impact practice (internship, service learning, undergraduate research, study abroad, or co-curricular leadership). The course must be taken at a designated mid-point in the curriculum (enforced by pre-requisite structures), and is graded on a pass/fail basis. Student deliverables include: (1) a description of the experience using the state licensing board Supplementary Experience Record form typically used for PE applications, (2) a survey for students to provide likert-style evaluation of progress in achieving the BOK2 program Page 26.1599.13
outcomes, and (3) a reflective writing document focusing on the student's choice of outcomes to have students consider what she/he learned in the experience, the importance of this learning, and how this learning is important for the future.
Cooperation Outside the Department
Many of the BOK2's foundational outcomes are necessarily met through university core curriculum classes (a.k.a., "general education requirements" at other institutions). Texas state law and Texas A&M policies combined lead to a curriculum where 50 out of 128 credit hours are taught outside the College of Engineering. In order to achieve the focused performance indicators in the outcome rubrics, civil engineering faculty reached out to multiple departments to influence external courses. In some cases, this has resulted in a slowly developing discussion to be concluded in the future. However, one notable success in this effort is a cooperative effort with the Department of Geography to create an "engineers only" section of its GEOG 201 "Introduction to Human Geography" course, which satisfies university requirements for social/behavioral science and international/cultural diversity. The rubrics for outcomes for social sciences, globalization, and public policy have been used by geography faculty to design course instruments that will be shared with the civil engineering department for assessment. This cooperative work has been so successful that the geography department is adding sections for anticipated enrollment of 750 in the 2015-2016 academic year in service to the entire college of engineering.
Addressing Gaps and Redundancies
One of the initial goals of the curriculum re-design was to eliminate gaps between courses (course B expects its pre-requisite course A to cover a topic, but A does not or there is a time-gap between A and B greater than 1 year) and redundancies (courses A and B both discuss a topic). Two often cited examples were the discussion of shear and moment diagrams in 3 successive courses (redundancies), and the teaching of graphics in the freshman year with no reinforcement before senior capstone design (gaps).
Redundancies were addressed by discussions in the forum of the curriculum re-design process. Simply having faculty in the same room charged with thinking holistically about the curriculum led to specific agreements on exact placement of topics among courses and undoing years of accretion.
Gaps were addressed in a variety of ways. Structural curriculum changes included moving engineering graphics to a new sophomore-level course and creation of a senior level "refresher" course. As in the case of redundancies, discussions between faculty led to small-scale changes in course topics. Perhaps most novel is a significant effort, still ongoing, to identify and develop online resources that students can use for reinforcement and refreshment of difficult topics. A catalog of dozens of pre-existing, publicly available online videos (e.g., Khan Academy) has Page 26.1599.14 been compiled and disseminated to students covering a wide range of topics in calculus, physics, chemistry, statistics, and others, with cross-referencing to specific courses (currently available at http://ceresources.weebly.com/). Departmental faculty are at work on producing similar videos to cover topics at more mid-and upper-levels in the curriculum. Combined with beginning-ofcourse diagnostics, these resources should help students identify weak points in their understanding (another form of gap) and have ready resources to address them.
In essence, these efforts focused faculty attention on the concept of curricular "efficiency": assuring that credit hours yield uniform benefits throughout the program.
Lessons Learned
The process of implementing the BOK2 as a guiding document for a large civil engineering curriculum will doubtless require continuous evolution and improvement. Nevertheless, the experience so far has yielded lessons which can be shared with other civil engineering programs.  The process requires sufficient time. In the case of Texas A&M's program, two full years have been needed, and there is wide agreement among the participants that all of this time has been necessary to gather data, generate new ideas, deliberate, build confidence, and clear administrative hurdles.  The team requires more than just civil engineering departmental faculty. The "curriculum transformation team" included a pedagogical expert, a civil engineering graduate assistant employed full-time just to work on the effort, and undergraduate and graduate students, in addition to the civil engineering faculty members. Data was gathered through interviews and surveys of graduates and industry stakeholders. Cooperation was required with faculty in other departments on-campus.  Following an engineering design process makes sense to faculty. The tendency of curriculum examination efforts to quickly devolve into course-focused arguments was avoided by starting at the "big picture" level and working down. Data-driven assessment of alternatives and questions kept deliberation moving and focused on productivity rather than "turf protection."  Writing rubrics associated with program outcomes is valuable. The program-level rubrics are now often referred to as "the syllabus for the entire curriculum," which highlights their usefulness for defining how the program defines the BOK2 outcomes and how individual courses contribute to them. Contrary to initial faculty doubts, focus groups of students have reacted very positively to the rubrics regarding them as useful for understanding stages of learning in the program.
 Creativity and open-mindedness are important. Baccalaureate engineering degrees will not likely see increasing credit hours in the future. Some faculty entered this process expecting to be asked "to put 10 gallons in a 5 gallon bucket." However, this attitude has been dispelled by identifying novel ways to increase curricular efficiency through a variety of mechanisms.
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Conclusion
Incorporating the set of twenty-four program-level BOK2 learning outcomes into a civil engineering curriculum along with a means to assess them is not a trivial task. However, with the assistance of an eighteen member curriculum redesign committee the task was accomplished. Implementation of the program-level outcomes and performance criteria are in process and will be monitored through the upcoming departmental assessment process. The curriculum transformation team will work with individual faculty to incorporate the program-level BOK2 and course-level outcomes into revised course designs. In addition, the curriculum transformation team will continue to meet to define assessments that will be gathered to determine if the program is reflecting both the course-level and program-level learning that is intended.
